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Recent experiments with bacteria have shown that light and oxygen can control gene
expression through effects on oxidation-reduction potential. The term “redox
sensor” is proposed as a general term for electron carriers that initiate control of
gene expression upon oxidation or reduction. The term “redox response regulator” is
proposed for DNA-binding proteins that modify gene expression as a result of the
action of redox sensors. Redox sensors and redox response regulators may function
together in feedback control of redox potential in photosynthesis and respiration,
protecting the cell from damage caused by electrochemistry operating on inappro-
priate electron donors and acceptors. Chloroplast and mitochondrial redox sensors
and redox response regulators, themselves encoded in the nucleus, may place
expression of chloroplast and mitochondrial genes under redox regulatory control.
This hypothesis offers an explanation for the persistence, in evolution, of chloroplast
and mitochondrial genomes, and for the constancy of the subset of chloroplast and
mitochondrial proteins encoded and synthesized within the organelle.

Introduction

In photosynthesis and respiration, environmental and metabolic oxidants and
reductants are linked by a sequence of intermediate electron carriers, all operating
relatively close to their mid-point potentials, E,. As a result of environmental
changes which affect availability of energy and electron sources and sinks, the ratio
of activities of the reduced and oxidized forms, (red)/(ox), of any electron carrier may
change. This in turn affects the redox potential, E, of the electron carrier, in
accordance with the Nernst equation (see, for example, Cramer & Knaff, 1990).
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In bacteria, control of gene expression has been shown to occur in response to
changes in redox potential that are themselves caused by changes in light intensity
and oxygen concentration. This control provides a mechanism for redox homeo-
stasis, and operates by means of components with similarities to those maintaining
homeostasis for a variety of other factors, including nitrogen status and osmotic
potential.

In eukaryotic cells, the initial effects of environmental changes affecting redox
potential occur in chloroplasts and mitochondria. Chloroplasts and mitochondria
are bioenergetic organelles, of prokaryotic origin, that contain the sequestered
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electrochemistry of photosynthesis and respiration. It is proposed here that pro-
karyotic redox regulatory mechanisms are present in chloroplasts and mitochondria,
and that the requirement for rapid and direct redox response at the genetic level is
responsible for the maintenance of chloroplast and mitochondrial genomes as small
but relatively constant subsets of the genes derived from the prokaryotic ancestors of
chloroplasts and mitochondria. Thus bioenergetic organelle genomes encode pro-
teins that function as the primary sites at which redox potential is influenced by
environmental change. The components that function in redox control of chloroplast
and mitochondrial gene expression may include redox sensors and redox response
regulators. Such redox regulatory components, in common with the majority of
chloroplast and mitochondrial proteins, are now encoded in the cell nucleus and
synthesized in the cytosol as precursor proteins for import into the organelle. These
and other predictions are examined.

Redox Regulation of Gene Expression

Bacterial two-component regulatory systems control gene expression by means of
environmental sensors and response regulators (or effectors) (Ronson et al., 1987;
Saier et al., 1990; Stock et al., 1990). The sensor, which is usually a membrane
protein, becomes phosphorylated in response to the environmental signal, and its
substrate, the response regulator, is a DNA-binding protein that initiates transcrip-
tion of a specific gene or genes by interacting, in its phosphorylated form, with an
RNA polymerase. An example of a two-component regulatory system is the Ntr
system controlling nitrogen assimilation in enteric (Ninfa & Magasanik, 1986;
Magasanik, 1989) and photosynthetic (Kranz et al., 1990; Tsinoremas et al., 1991)
bacteria. Other factors controlling gene expression through two-component regula-
tory systems include osmotic pressure, phosphate assimilation, virulence, transport,
chemotaxis, motility and sporulation (Stock et al., 1989). These systems appear to
share a common mechanism of transcriptional activation (Aoyama & Atsuhiro,
1990). Sensors undergo histidine phosphorylation at a conserved site, and response
regulators are phosphorylated on aspartate by a phosphotransferase or kinase (Stock
et al., 1989).

TWO-COMPONENT REDOX REGULATION OF THE RESPIRATORY CHAIN

There are now clear indications that redox potential exerts effects on gene
expression by two-component regulation. The Arc system of Escherichia coli is an
example: mutations in two genes, arcA and arcB, increase the anaerobic expression
of a number of genes normally repressed by anoxyia and whose products (including
succinate dehydrogenase and cytochrome d oxidase) are involved specifically in
aerobic metabolism (Iuchi et al., 1989; Guest et al., 1990; Spiro & Guest, 1991; Guest,
1992). ArcB is a protein kinase which contains two membrane-spanning helices
flanking a cytoplasmically exposed loop, the latter containing a histidine which is the
site of autophosphorylation. Autophosphorylation occurs in response to decreased


































































